ABSTRACT: The effect of blinks on the saccade frequency before the onset of step ramp smooth pursuit was assessed in healthy controls. Blinks elicited before smooth pursuit onset suppressed saccades in contrast to a control and a gap paradigm. The source of blink associated suppression of saccades remains unclear but is probably not caused by visual signals or the omnipause neurons.
INTRODUCTION
Blinks are known to affect eye movements in two ways. Blinks not only superimpose blink-associated eye movements but change the kinematic parameters of eye movements. 1, 2 The peak velocity and acceleration of saccades, vergence to step targets, and saccade-vergence interaction are reduced by blinks. In contrast, slow eye movements are differentially affected. Blinks elicited during slow vergence eye movements cause vergence oscillation, 3 but when elicited during conjugate smooth pursuit they decrease eye-movement velocity. 4 These blink effects might be caused by changes of the central premotor activity in the brain stem, for example, in omnipause neurons (OPN). OPNs are part of the saccadic generator and tonically inhibit saccade-related burst neurons of the brain stem. 5 A decrease in OPN activity causes a disinhibition of saccade-related burst neurons and may also cause an increase of saccade frequency during the blink. However, we recently showed that blinks during ongoing smooth pursuit suppresses saccades during and even before the blink. 4 It remains unclear whether saccades are also suppressed in a step-ramp smooth-pursuit task when the blink is elicited before the step-ramp onset.
METHODS
Eye and lid movements were recorded in seven healthy subjects (age 22 to 42 years; normal visual acuity) with the scleral search-coil system (Remmel Labs., Maryland; Scalar, Delft, The Netherlands). 7 Blinks were elicited by an airpuff. 7 A laser target was front-projected on a tangent screen at a distance of 145 cm from the subject.
Step-ramp targets (step and ramp in the opposite direction) of 20 deg/s were randomly elicited in the rightward or leftward direction. Three conditions were randomly presented: (1) control condition: step-ramp pursuit without a gap or blink; (2) gap condition: the laser target disappeared for 200 ms before step-ramp target onset; (3) blink condition: a reflexive blink was introduced 240 ms before step-ramp stimulus onset. The data were analyzed as described before. 7 The latency of saccades from 1 to 15 deg amplitude was averaged in 20-ms time intervals for further analysis.
RESULTS
The saccade frequency in all seven subjects (120 to 200 smooth-pursuit trials per subject) was no different between the gap and control condition (FIG. 1A and 1B) . There was no difference of the saccade frequency between large and small blinks or rightward and leftward smooth pursuit direction. After the gap there was a slight but not significant increase in saccade frequency (FIG. 1B) .
In the blink condition saccades were largely suppressed during and even up to 20 ms before blink onset. The reduction becomes evident when data are aligned to blink onset (FIG. 1C) . For comparison the histogram of the blink duration is shown in (FIG. 1D ). An increasing number of saccades was observed toward the end of the blink. After the blink saccade frequency was not different from the control or gap condition.
DISCUSSION
This is the first study on saccade frequency before the onset of step-ramp smoothpursuit eye movements. Similar to the effect of blinks during smooth pursuit, saccades were largely suppressed during and slightly before the blink when it was elicited before eye-movement onset. 4 There was no long-lasting effect on saccade frequency exceeding the blink duration. This is in accordance with our previous data, which showed that blinks did not change saccade latency when elicited before a saccade. 4 Could the decreased number of saccades be explained by reduced visual input during blinks? We compared the blink with the gap condition. Introducing a gap instead of a blink did not decrease saccade frequency during or after the gap as compared with the control condition. Accordingly, the effect might not be explained by a disruption of the visual signal.
Could the decrease in saccade frequency be explained by the superposition of the blink-associated eye movements? During the first third of the blink there are specific blink-associated eye movements 1,2 that might interact with the occurrence of saccades. Blink-associated eye movements always have an adducting component, followed by an abducting one. Saccades were not superimposed by blink-associated eye movement, but instead suppressed during the period of the blink-associated eye movements. This might reflect a central interaction of saccades and blink-associated eye movements.
Blinks decrease OPN activity 6 and, accordingly, should increase but not decrease saccade frequency. Hence, the involvement of OPNs in saccade suppression seems unlikely. Therefore, further experiments are needed to explain the decrease of saccades during blinks.
